Post-afterdischarge depolarization does not stimulate prolonged neurohormone secretion but is required for activity-dependent stimulation of neurohormone biosynthesis from peptidergic neurons.
Membrane depolarization plays a critical role in stimulating secretion of neuropeptides and can also be important in regulating transcriptional and translational events that control peptide biosynthesis. The purpose of this study was to test the hypothesis that persistent membrane depolarization after the end of an electrical afterdischarge plays an important role in stimulating both prolonged secretion of egg-laying hormone (ELH) and ELH synthesis from peptidergic bag cell neurons of Aplysia. Experimental preparations were treated with a low Na(+) solution to rapidly repolarize membrane potential (Vm). Compared with control preparations, the low Na(+) solution caused rapid membrane repolarization to resting levels, significant shortening of the duration of the afterdischarge, and significant decrease in the decay time constant of cytosolic Ca(2+) ([Ca(2+)](i)) concentrations, but no effect on peak [Ca(2+)](i), total [Ca(2+)](i) above baseline, or duration of elevated [Ca(2+)](i). Contrary to both theoretical expectations and findings in other cell types, low Na(+) treatment and the resulting premature repolarization of Vm did not inhibit ELH secretion. On the other hand, low Na(+) treatment that blocked prolonged depolarization, as well as inhibition of Ca(2+) influx, prevented the afterdischarge-induced stimulation of ELH synthesis. These findings provide support for membrane depolarization acting as a trigger mechanism, rather than a sustained driving force, for cellular events that control ELH secretion. It also demonstrates, for the first time, a critical role for postdischarge Vm in regulating an important aspect of neuroendocrine cell function-that of hormone synthesis.